Vehicle platooning has been a major research topic in recent years because of its ability to reduce fuel consumption, enhance road traffic safety and utilize the road more efficiently. A practical and applicable platoon merging maneuver is the key to forming new platoons while ensuring safety and economy. This study proposes merging strategies that consider both safe space and acceleration limitations for two adjacent platoons comprising connected autonomous vehicles (CAVs). The distributed model predictive control (DMPC) algorithm is adopted to design a DMPC 2 controller, which includes 1) a space-making DMPC controller that controls the vehicles in one platoon, i.e. the target platoon, to make space for the vehicles in a second platoon, i.e. the merge platoon, and 2) a DMPC platoon controller that controls the merging vehicles to fill in the space in the target platoon. The former considers the explicit acceleration constraint of the vehicle, making the generated trajectory more feasible, and the latter controls the merge platoon to perform an overall mergence, which reduces the complexity of the merge problem. The low computation load of DMPC makes online computing and real-time control possible in practical scenarios. A simulation study is conducted with different scenarios and parameters, and the results demonstrate that the proposed strategy is more feasible and efficient, and less time-consuming than the existing state-of-the-art methods and have the advantages of taking safety distance and control input constraints into account.
I. INTRODUCTION
Research on the platooning of connected autonomous vehicles (CAVs) is of great significance in the field of intelligent transportation systems since it has the potential to enhance road safety, improve traffic efficiency, and reduce fuel consumption [1] - [4] . PATH has a long-term commitment to platoon control research, in which many topics are discussed, such as control architecture, control methods, and string stability [5] . Many other related issues The associate editor coordinating the review of this manuscript and approving it for publication was Junhui Zhao. have also been raised, including communication topology [6] computation offloading [7] , resource allocation [8] , dynamic vehicle localization [9] , [10] and various control strategies [11] , [12] . A control strategy is one of the core issues while considering CAVs driving in platoons, so various methods and algorithms have been proposed for platooning control. Soumya et al. [13] proposed a consensusbased controller to enable more realistic multi-lane platoon forming processes. Mayne et al. [14] used an interpolating control approach to control CAVs to form a platoon with optimal inputs. Huarong et al. [15] explored the merging and splitting of platoons by designing a PID controller. VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ Meanwhile, model predictive control (MPC) has continuously drawn researchers' attention since nonlinearity and constraints can be explicitly handled [16] . Traditionally, MPC is a coupled model and is usually used in a centralized way. Zhao et al. [17] firstly proposed a centralized collision-free solution based on MPC that controls platoon track speed changes asymptotically and satisfies system constraints. Mantovani and Ferrarini [18] applied MPC to maintain the yaw stability and validate its effectiveness via simulation. Zhao et al. studied heterogeneous vehicles merging at signalized intersections and proposed a receding horizon MPC method to minimize the fuel consumption for platoons and drive the platoons to pass through intersections during green phases [19] . The method was then extended to dynamic platoon splitting and merging rules for cooperation among autonomous vehicles and human-driven vehicles in response to the high variation in urban traffic flow. Most MPC-based controllers are designed in a centralized way, where all states are assumed to be known a priori to compute the control inputs in a prediction time horizon [20] . However, considering an actual platoon system involving multiple agents, a centralized controller would be hard to implement, and a large amount of computation for a large-scale optimization problem would also be a great challenge. To solve the problem, distributed model predictive control (DMPC) was applied when designing a practical multi-agent system [21] .
which the system only consists of a single platoon, and there are few studies on the interaction between two platoons. In [30] , an architecture including a linear quadratic regulator (LQR) controller and a DMPC controller was proposed to merge two adjacent vehicle platoons. However, the authors ignored the limitations of speed and acceleration in the spacemaking procedure, which is not consistent with the actual conditions.
Different from most previous studies devoted to research on a single platoon (e.g., string stability, communication topologies, or transmission delay), we mainly focus on merging strategies for two vehicle platoons in adjacent lanes. The contributions of this study are detailed below.
(a) Extending the merge scenarios that contain the fixed number of vehicles in platoons compared with paper [30] . The number of vehicles in two platoons and the relative position between two platoons are all taken into consideration. In addition, the two platoon merge scenarios are divided into several typical categories. Simple and accurate models are designed for relative positions of platoons and vehicles in different scenarios.
(b) A two platoon merge strategy is proposed to study the platoon merge problem on highways, and a DMPC control strategy is specifically designed to control platoon merge. Before merging, the DMPC 2 controller controls the target platoon splitting to make free space for the merge platoon, and then the controller will control the merge platoon to fill in the free space.
(c) In the merge process, the input constraints for each vehicle and space constraints between two consecutive vehicles are considered in the DMPC 2 controller compared with the LQR controller, and this approach yields feasible and smooth optimal control.
(d) Because of to the way that one platoon merges as a whole into another platoon, the communication and computational load can be reduced, and the platoon merge process is more accurate and less time-consuming compared with the traditional single vehicle merge methods. A simulation study is conducted with different scenarios and control strategies, and the results demonstrate that the proposed strategies are more safe, practical, and efficient than the existing relative methods.
This study is organized as follows: Section II states the problem and establishes the model of vehicle dynamics as well as the platoon merging maneuvers. Section III describes the DMPC based platoon merge strategies for platoons, which includes creating the desired space with constrained optimization and merging two adjacent platoons. Simulations and analyses are detailed in Section IV, and the conclusion is presented in Section V.
II. PROBLEM FORMULATION AND VEHICLE DYNAMICS
In this section, the merging scenario and the platoon after merging, i.e. the assumed merging platoon, are described, and the CAVs in two platoons are modeled according to the actual vehicle parameters.
This study focuses on the scenario wherein one platoon merges as a whole into another platoon on a highway. The scenario where the target platoon encounters a merge platoon is described in Fig. 1 . Two platoons travel on two adjacent lanes. Sets D, M , and A denote the target platoon, the merge platoon, and the assumed platoon, respectively. The purpose of this study is to design a suitable strategy to merge platoon M into platoon D while ensuring that the vehicles in the two platoons satisfy control and security constraints in the process. First of all, for the control constraints, according to the actual situation, the maximum acceleration and maximum deceleration of each vehicle are fixed value. Similarly, the difference between accelerations in two adjacent control commands is also limited. Secondly, during the entire merge process of the vehicle platoon, the distance between two adjacent vehicles should not be too large or too small, in this article, we set a safe distance related to vehicle speed, including safe distance in dynamic and static environments, respectively. The symbols D i (i = 1, 2, . . . , n) and M i (i = 1, . . . , m) stand for the CAVs in the target platoon and the merge platoon, respectively. L i (i ∈ D ∪ M ) denotes the length of each vehicle in sets D and M . Each vehicle in the two platoons is set to satisfy the following assumptions:
(a) Each vehicle in the two platoons is equipped with distance sensors that can measure the distance between the ego vehicle and the front vehicle. Each vehicle is equipped with velocity sensors that can measure the velocities of the ego vehicle and the front vehicle.
(b) Each vehicle in the two platoons is equipped with V2V equipment, for example, DSRC. The vehicles in the two platoons can exchange their information, which consists of positions and velocities. Let x i , v i , and u i denote the longitudinal position, speed, and acceleration, respectively, of vehicle i(i ∈ D ∪ M ), where u i (i = 1, . . . , n) are control inputs of vehicle i. Let τ > 0 be the sampling interval, and the control u i is constant at each time interval [kτ, (k + 1)τ ] for k ∈ Z + := {0, 1, 2, . . .. The discrete-time longitudinal dynamics are described by the following double-integrator model:
where x i , v i , and u i represent x i (kτ ), v i (kτ ), and u i (kτ ), respectively, for notational simplicity. Let d ij stand for the longitudinal distance between vehicle i and vehicle j. Define d safe as the desired safe space between two consecutive vehicles. The merge process is shown in Fig. 1 . Assume that the instant that the assumed platoon is formed is t a . As shown in Fig. 1 , before platoon A is formed, the leader vehicle and the last vehicle of platoon M are denoted by M f and M r . The vehicle in the target platoon which is in front of the merge point is denoted as D f , and the vehicle in the target platoon which is in back of the merge point is denoted as D r . The desired speed of vehicles in platoon A is the same as the desired cruise speed v des . Additionally, the positions of the vehicles in platoon A can be described by longitudinal x i since v i is constant and the relative speed among the vehicles is zero after the mergence. Suppose that the position of M 1 is x M 1 , i is the number of vehicle D f , and i+1 is the number of vehicle D r . The positions of vehicles that are in front of M 1 in platoon A can be described as
The positions of vehicles behind M 1 in platoon A can be described as
If the platoon M does not merge, the position of vehicle D n would be
Equation (5) can be discretized as
We define x i to describe the space made by vehicle D i for the merge platoon, and we can obtain x n (n = 1, 2, . . . , m) by subtracting (3) and (4) from (6) . Since the distance in the longitudinal direction between the vehicles in platoon A is constant, we determine that x i = x i+1 , (i = 1, 2, . . . , m − 1). We define x des D f and x des D r to describe the desired space to be made by D f and D r in platoon D for the merge platoon: (7) x des
Let v D f and v D r stand for the relative speed between v des and the real-time velocity of v D f and v D r , respectively.
For the merge behavior of platoon M , the procedure of merging can be divided into two types according to the different reference vehicles: leader-vehicle-based type and intermediate-vehicle-based type. This study simplifies (7) and (8) by embodying the potential scenarios. All scenarios can be summarized into four cases, as shown in Fig. 2 . In case 1, when platoon D is divided by the leader vehicle M f in platoon M , the vehicles in platoon D whose longitudinal positions are larger than M f (i.e. vehicles D 1 − D f ) move forward relatively, and the other vehicles (i.e. D r − D n ) move backward, which makes room for the platoon M . In the description of the merge scenario, d 1 is the relative distance between vehicles M f and D f , and d 2 is the relative distance between vehicles M f and D r . In this case, the desired spaces to be made by vehicles D f and D r in platoon D are expressed as follows:
In case 2, n is odd. Platoon D is divided by the intermediate vehicle M j+1 in platoon M , and the numbers of vehicles in platoon D and platoon M are denoted by n and m = 2j + 1, (j ≥ 1), respectively. Here, d 1 is the relative distance between vehicles M j+1 and D i+1 , and d 2 is the relative distance between vehicles M j+1 and D i+2 . The spaces made by the front and rear vehicles in platoon D are expressed as follows:
In case 3, m is even and n is odd. Platoon D is divided by the intermediate vehicles M j and M j+1 in platoon M . The numbers of vehicles in platoon D and platoon M are denoted by n = 2i + 1, (i ≥ 1) and m = 2j, (j ≥ 1), respectively. Here, d 1 is the relative distance between vehicles M j and D i+1 , and d 2 is the relative distance between vehicles M j+1 and D i+1 . The spaces made by the front and rear vehicles in platoon D are expressed as follows:
In case 4, m and n are even. Platoon D is divided by the intermediate vehicles M j and M j+1 in platoon M . The numbers of vehicles in platoon D and platoon M are denoted by n = 2i, (i ≥ 1) and m = 2j, (j ≥ 1), respectively. Here, d is the relative distance between the midpoints of vehicles M j and M j+1 and those of D i and D i+1 . The spaces made by the front and rear vehicles in platoon D are expressed as follows:
x des 
III. DMPC-BASED PLATOON MERGE STRATEGY
In this paper, the DMPC 2 controller consists of two categories according to their functions: 1) the DMPC controller that makes space for the merge platoon, and 2) the DMPC controller that controls the merge platoon to fill in the space. The DMPC algorithm for space making is conducted by each vehicle in the target platoon, and the DMPC algorithm for merging is conducted by each vehicle in the merge platoon. The platoon merge maneuver algorithm thereby comprises two main steps: (a) Determine the longitudinal trajectory of the vehicles in the platoon D to make enough space for platoon M .
(b) Determine the longitudinal and lateral trajectory of the merging vehicles in platoon M in order to perform the platoon merge maneuver
A. CREATING SPACE WITH CONSTRAINED OPTIMIZATION
In reference [30] , a method to make space for the merge platoon with LQR was proposed. However, LQR cannot take the control input constraints into consideration, which may cause the calculated optimal control input to be outside of the real control range. Moreover, the control quantity calculated by the LQR method mentioned above is only for vehicles D f and D r ; the method does not consider the motion control of other vehicles in platoon D. To solve this problem, this study uses a DMPC controller to make space for the merge platoon. For each vehicle in platoon D, the state is denoted as d j (t) = [x j (t), v j (t), u j (t)] T , j = 1, 2, . . . , n, and the output of each vehicle is denoted as y j (t) = [x j (t), v j (t)] T . Equations (1) and (2) can be rewritten as follows:
where a j (d j (t)) is defined as a j (d j (t)) = [x j (t) + v j (t)τ, v j (t), 0] T , τ is the sampling time, b i = [ 1 2 τ 2 , τ, 0] T , and g = 1 0 0 0 1 0 .
The objective of the DMPC controller is to track the desired position and speed of the point. For the leader vehicle in the platoon, the position refers to the current position of the leader vehicle plus the distance required to make room for the platoon M. For the other vehicles, the position refers to the position of vehicle in front minus the safe distance. For all vehicles, the speed of the point is the desired speed of the platoon. The tracking policy can be specified at Equation (21) .
where x des i (t) is the desired position of the set point for vehicle i to track, t end is the moment a new platoon is formed, and δ v and δ v are the factors of speed error and position error; ideally, both factors are zero. The selection of d safe determines the geometry formation of the platoon. We can adjust d safe according to the vehicle type, vehicle speed, road conditions, etc. According to [31] , the safe distance can be defined as
where α is the dynamic gap coefficient for the speed of vehicle i+1, and β is the minimum static gap between vehicle i and i+1. The position and velocity of the leader vehicle are denoted by x 1 (t) and v 1 (t), respectively. The leader vehicle is assumed to run at a constant speed before and after the mergence. The state of the desired set point for vehicle j is
where x des j (t) = x des 1, . . . , n) , the desired speed is v des j (t) = v des , the desired control is u des j (t) = 0, and the corresponding equilibrium of output is y des j (t) = g·d des j (t). The time horizon, means time sequence, refers to a series of consecutive time nodes with limited length. At time t, the current platoon state is sampled and a cost-minimizing control strategy is applied. In [9] , a DMPC algorithm was presented for heterogeneous vehicle platoons with unidirectional topologies and an a priori unknown desired set point. To solve the problem, the paper defined three types of trajectories, but the relationship between the three trajectories was complex. In this study, the set points for each vehicle are known in advance, and the error between the control output and setup point are mainly considered. We define the desired output trajectory y des j (k|t) over the predictive time horizon. Then the cost function for each vehicle i is defined as follow.
where Q j ∈ S 2 , R j ∈ R, and F j ∈ S 2 are the weighting matrices. All the weighting matrices are assumed to be symmetric. Q j represents the penalty of the output error from the desired output. R j represents the penalty of the space between two consecutive vehicles. The controller tries to maintain the desired space between vehicles with the above penalty. F j represents the penalty of the control input; with this penalty, the controller keeps the control input as low as possible. N p and N c represent the predictive time horizon and control time horizon, respectively. In this study, Q j ≥ 0, R j ≥ 0, and F j ≥ 0. At time t, assume that all the vehicles in a platoon are moving at a constant speed, and the distance between two consecutive vehicles is the desired distance.
The constrained optimization problem of platoon D can be described as follows:
Minimize J j y j , y des j N p k=1 j j (y j (k|t), y des j (k|t), y j−1 (k|t)) (25a) s.t. For j = 2, . . . , i and j = i + 2, . . . , n, u j (k|t) = u j (N c |t)
We define vector u * j (t) = [u * j (1|t), . . . , u * j (N c |t)] as the optimal control input for vehicle i calculated at time t. In this study, both the control input constraint and the control input variation are considered: the control constraint (25d) is to enforce that the control input for vehicle i stays within the reasonable range, and (25e) limits the variation of two consecutive control inputs to a certain range. The DMPC algorithm for platoon D is as follows:
Algorithm 1 Algorithm of DMPC for Platoon D
Initialize the state of the vehicle j in platoon D:
Iteration of DMPC: at any time t > 0, for all vehicles in platoon, do:
(1) Optimize problem J j y j , y des j according to the current output of vehicle y i (t) and the desired output y des i (t), yielding optimal control sequence u * j (c|t). (2) Compute predictive state in the predictive horizon:
(3) Error calculation and feedback correction:
; ε is the error correction factor. (4) Apply the first control quantity u * j (1|t) in the control sequence to vehicle. 
The tracking policy for platoon M can be designed as follows:
IV. SIMULATION RESULTS AND ANALYSIS A. SIMULATION PARAMETERS AND SCENARIOS
In this section, numerical simulations are conducted to illustrate the effectiveness of the DMPC 2 controller for platoon space making and merge control. We consider the homotypic platoon with different numbers of vehicles. In this simulation, the inputs are constrained as −6m/s 2 ≤ u j ≤ 3m/s 2 , j ∈ D and M and −0.5m/s 2 ≤ u i ≤ 0.5m/s 2 , i ∈ D or M . The sampling time is set as τ = 0.1s, the predictive horizon is N p = 20, and the control horizon is N c = 10. Set α = 0.8 and β = 5, and the desired safe distance can be calculated by (22) . The vehicles in the platoons have the same length L i = 4.5m, (i ∈ M or D).
For the DMPC 2 controller, this study only considers the longitudinal motion of the vehicles in platoons. The weight matrices Q j , R j , F j and Q M j , R1 M j , R2 M j , F M j are set as follows:
Suppose the position of M f at time t a is zero, and after the merge process, the distances d M f ,D f (t), d M r ,D r (t), d M j ,M j+1 (t) , j = 1, . . . , m − 1, and d D j ,D j+1 (t) , j = 1, . . . , i − 1 and j = i + 1, . . . , n − 1 are all equal to the constant desired safe distance. Simulations and analyses of the DMPC 2 controller are given according to the scenarios below.
Scenario 1(S1): Platoon D has four vehicles, and platoon M has two vehicles. At the beginning, the distances between the vehicles in platoons D and M are all equal to the desired safe distance, and the platoons are traveling at the desired speed v des_1 = 25m/s. Then d safe_1 = 20m is calculated by (22) . The two platoons begin to merge at the same time t = 0. Scenario 2(S2): Platoon D has seven vehicles, and platoon M has three vehicles. At the beginning, the distances between the vehicles in platoons D and M are all equal to the desired safe distance, and the platoons are traveling at the desired speed v des_2 = 15m/s. Thus, d safe_2 = 17m. The two platoons begin to merge at the same time t = 0.
B. RESULTS AND ANALYSIS
Simulations and analyses of the DMPC 2 controller for the two different scenarios are given below. For comparison, we use LQR controller to make space for platoon M , and DMPC controller to control vehicles in platoon M merge into platoon D respectively in the same scenarios. The simulation results of the DMPC 2 controller and LQR+DMPC controller in scenario 1 and scenario 2 are shown below.
As shown in Fig. 3 (a) , the accelerations of all the vehicles are limited to −6m/s 2 ≤ u i ≤ 3m/s 2 . The accelerations of D 1 and D 2 increase first for about 3.8 s and then decrease, finally trending to zero, in order to make the speed profile positive. The accelerations of D 3 and D 4 decrease first and then increase in order to make the speed profile negative. The acceleration of platoon M first increases and then fluctuates to adjust the platoon to an appropriate speed. In Fig. 3 (b) , the accelerations value of some vehicles have exceeded the limitation since the LQR doesn't conform to this constrain.
As shown in Fig. 4 (a) , the speeds of D 1 and D 2 first increase and then decrease to the desired constant speed v des_1 = 25m/s in order to move the vehicles forward a distance. The speeds of D 3 and D 4 first decrease and then increase to the desired constant speed in order to move them back a distance. The speed of platoon M fluctuates for a while to adjust the platoon to the suitable merge position. In Fig. 4 (b) , the speed variations between the vehicles widely vary and are stabilized at different times, indicating that the DMPC 2 controller performs better than the LQR controller in a collaborative environment.
In Fig. 5 (a) , the positions of vehicles in platoon D are indicated by solid lines, and the vehicles in platoon M are indicated by dashed lines. At the beginning, the leader vehicle M 1 in platoon M is 4m in front of vehicle D 3 . After the merge process, the space of all the vehicles is finally adjusted to 20 m. In Fig. 5 (b) , different from the DMPC 2 controller, LQR and DMPC controller control the vehicles in platoon M merging into platoon D one after another. As shown in Fig. 6 (a) , the accelerations of all the vehicles are limited to −6m/s 2 ≤ u i ≤ 3m/s 2 . The accelerations of D 1 − D 3 increase first and then decrease, finally trending to zero, in order to make the speed profile positive, and the accelerations of D 4 − D 7 decrease first and then increase in order to make the speed profile negative. The acceleration of platoon M first increases and then fluctuates to adjust the platoon to an appropriate speed. In Fig. 6 (b) , the calculated accelerations of some vehicles have exceeded the limit. In addition, the accelerations of some vehicles fluctuate from 1 s to 4 s.
As shown in Fig. 7 (a) , the speeds of D 1 − D 3 first increase and then decrease to the desired constant speed v des = 15m/s in order to move the vehicles forward a distance. The speeds of D 4 − D 7 first decrease and then increase to the desired constant speed v des = 15m/s in order to move them back a distance. The speed of platoon M fluctuates for a while to adjust the platoon to the suitable merge position. The fluctuations of the vehicle speed in Fig. 7 (b) are more serious than that of the vehicle speed in Fig. 7 (a) . In addition, the speed consistency of the vehicles in Fig. 7 (a) is better than that in Fig. 7(b) .
As shown in Fig. 4(c) , the space d D 3 ,D 4 increases from 10 m to 53.46 m as vehicles D 3 and D 4 make space for the merge platoon. The initial space between D 3 and M 1 is −4 m, and the space d D 3 ,M 1 changes from −4 m to 10 m, indicating that vehicle M 1 performs an overall deceleration motion with respect to vehicle D 3 . The other vehicles maintain a stable space in the merge process.
In Fig. 8 (a) , the positions of vehicles in platoon D and M are indicated by solid lines and dashed lines, respectively. In the beginning, the leader vehicle M 1 in platoon M is 4 m in front of vehicle D 3 . After the merge process, the space of all the vehicles is finally adjusted to 17 m. In Fig. 8 (b) , LQR and DMPC controllers control the vehicles in platoon M and separately merge into platoon D.
It can be seen from Fig. 3 to Fig. 8 , compared with LQR and DMPC controller, the DMPC 2 controller considers the acceleration constraint of each vehicle, the calculated optimal control input is within the constraint range, and the vehicle speed has a better consistency. In addition, the vehicles reach the target speed and position at almost the same time using the DMPC 2 controller, which can reduce the adjustment time of the vehicles in platoons, improve the integration efficiency and safety during the merge process. Fig. 9 and Fig. 10 show the distance errors of two consecutive vehicles using two different control methods in scenario 1 and scenario 2 respectively. Compared with the LQR and DMPC controller in both scenarios, the distance errors converge faster using the DMPC 2 controller. Compared with the strategy of separately merging vehicles into a platoon, the proposed merging strategy performs more consistently. It is clear that the convergence process using the DMPC 2 controller is smoother than that using LQR and DMPC controller, indicating that the merge process has less shock. The shock process increases the adjustment time and the risk of collision and causes extra fuel consumption. We can conclude that the proposed merge strategy is safer and more efficient than stateof-the-art strategies.
In both scenarios with two different methods, for each vehicle in platoon D and platoon M , the average calculation time t avr and maximum calculation time t max for a single-step optimal problem of each vehicle are organized in Fig. 9 .
In Fig. 11 (a) and Fig. 11 (b) , it can be observed that the DMPC 2 controller takes less time than the LQR and DMPC controller. Furthermore, compared with the average calculation time corresponding to the two methods, the maximum calculation time using LQR and DMPC methods is much larger than that using the DMPC 2 method. Fig. 11 (c) shows the comparison of optimal calculation time between the two controllers for platoon D and platoon M. We can see that for the average calculation time and the maximum calculation time of each time step in platoon D and platoon M, the DMPC2 controller takes less time than the LQR and DMPC controller. Moreover, in two scenarios, the average calculation time and the maximum calculation time of each time step in platoon M are larger than that in platoon D because, in the merge process, platoon M not only considers its own state but also considers the state of platoon D.
V. CONCLUSION
This study proposes a platoon merging approach that considers the desired safe space between autonomous vehicles and the control input constraints. The proposed space-making DMPC controller is adopted to optimize the trajectories of the target platoons. Then another platoon performs the merging maneuver based on the other DMPC controller. In this approach, vehicles exchange their information with each other and make proper control decisions based on the state of the other vehicle. Numerous simulations for the scenario with two platoons are conducted to prove that the proposed space-making DMPC algorithm can provide an effective solution to the issue, with this method, accurate and stable control input can be applied to the vehicles in the platoons. This approach also improves the enforceability of spacemaking on highways.
Notably, this study only considers the scenario of two platoons in two consecutive lanes merging. The applicability to more traffic situations can be improved with more complicated test scenarios. In addition, this study does not consider the costs of different merge points for the target platoon, for example, the fuel consumption and the adjustment time. In future work, scenarios with more platoons and more complicated environments will be studied. Future research directions include the development of decisionmaking mechanisms to determine whether platoon merge can be conducted while considering the surrounding environment and road conditions. Another research direction will be to implement the proposed method in heterogeneous vehicle platoons and develop more effective communication topology and control strategies for the platoons.
